Abstract: Chitosan (CTS) film was prepared by solution casting technique and characterized by means of Fourier Transform Infrared Spectroscopy (FT-IR), Thermogravimetric Analysis (TGA) and Scanning Electron Microscopy (SEM). Besides swelling index, the CTS film was investigated as a slow-release matrix for 1-and 2-naphthol (pesticide precursors) under different pH conditions. Swelling index of the CTS film was determined in different pH conditions i.e. pH 2.59, 6.84 (distilled water) and 11.02. The swelling order was found; pH 2.59 > 6.84 > 11.02. Similarly, the slow-release study was carried out at pH 2.59, 6.84 and 11.02. Over all, the release amount was found higher in acidic medium followed by neutral and basic medium. This behaviour might be due to higher swelling and dissolution of CTS film in acidic medium whereas in neutral and basic medium CTS film swells moderately.
Introduction
A pesticide is any substance intended for preventing, destroying, or mitigating any pest such as insect (insecticide), weeds/herbs (herbicide) and/or fungi (fungicide) (Zhang, Jiang, & Ou, 2011) . However, pesticide leaching and runoff are the major causes of environmental pollution particularly surface and groundwater contamination (Pérez-Martínez, Morillo, Maqueda, & Ginés, 2001 ).
PUBLIC INTEREST STATEMENT
This work demonstrates the effect of pH on slow-release behaviour of chitosan film using 1-and 2-naphthol as model pesticides. Although, chitosan was found a good matrix for slow-release application however, burst release was observed under acidic, basic and neutral pH. Therefore, it was strongly recommended to encapsulate or disperse chitosan within a hydrophobic polymer to prolong the release behaviour.
Unfortunately, more than 90% of the conventional pesticides are lost to environment (Xu, Cao, Li, Wang, & Huang, 2014) , causing severe surface and groundwater contamination (Lewan, Kreuger, & Jarvis, 2009 ). According to the WHO, about three million pesticide poisoning cases with 220,000 deaths occur, each year worldwide whereas, 500,000 people were died from self-harm in 2000 (Eddleston et al., 2002) . According to another survey, on average 300,000 deaths have been recorded from pesticide poisoning every year (Eddleston et al., 2005) . Veterinary Diagnostic Laboratory, United States, reported that 0.04% of all animal deaths occur due to pesticide toxicosis (Pimentel, 2005) . In aquatic environment, irrigation and agricultural runoff have increased pesticide levels where the aquatic life has been affected badly (Capkin, Altinok, & Karahan, 2006; Stansley, 1993) . Therefore, controlled release technologies have been developed to improve the utilization of pesticides and reduce pesticide loss for the last few decades (Teodorescu, Lungu, & Stanescu, 2009 ). In conclusion, controlled-release formulations (CRFs) are the most suitable alternative which can maintain the effective amount over a prolonged period of time and reduce environmental pollution, as well (Xu et al., 2014) .
The desired controlled release characteristics can be achieved using natural, biodegradable, ecofriendly and cost-effective matrices. Generally, biocomposite formulations are based on the crosslinking of matrix in the presence of active agents (Rudzinski et al., 2002) . As such, several naturally occurring polymers have been used as controlled release matrices such as alginate (Zhang, Wang, & Wang, 2010) , cellulose ether (Salsa, Veiga, & Pina, 1997) , starch (Doane, Shasha, & Russell, 1977) , amylose starch derivatives (Mulhbacher, Ispas-Szabo, Lenaerts, & Mateescu, 2001) , polyethylene oxides (Maggi, Segale, Torre, Ochoa Machiste, & Conte, 2002) , hydroxypropyl methylcellulose (Samani, Montaseri, & Kazemi, 2003) , cellulose, chitin (McCormick & Lichatowich, 1979) and CTS (Cota-Arriola, Onofre Cortez-Rocha, Burgos-Hernández, Marina Ezquerra-Brauer, & PlascenciaJatomea, 2013). However, CTS is suggested because of its natural abundance, biodegradability and eco-friendliness (Rahim & Mas Haris, 2015) .
CTS, a deacetylated chitin, is a naturally occurring copolymer of unique characteristics such as good biodegradability, environment friendliness, cost-effectiveness and non-toxicity (Rahim & Mas Haris, 2015) . CTS is a high molecular weight polymer with a degree of deacetylation more than 60%, it can be derived from chitin by alkaline N-deacetylation (Varma, Deshpande, & Kennedy, 2004) . Whereas, chitin is a polymer of N-acetylglucosamine, the second most abundant polysaccharide in nature after cellulose, a major constituent of the exoskeleton of sea animals such as crabs, shrimps, molluscs and lobsters (Da Silva et al., 2009) , and also a main constituent of cell walls of fungi and yeast (Abramczyk & Szaniszlo, 2009 ).
In the present study, CTS film was prepared by solution casting technique and its slow-release applications were studied under different pH conditions using 1-and 2-naphthol as model pesticides.
Materials and methods

Materials
CTS with degree of N-deacetylation 95% and relative average molecular weight (Mw~1.05 × 10 5 ) was supplied by Advanced Materials Research Centre, Kedah, Malaysia. 1-naphthol (CAS: 90-15-3) and 2-naphthol (product No. 29291) were purchased from ACROS Organics, New Jersey, USA and BDH Chemicals, England, respectively. Glacial acetic acid (CAS: 64-19-7) was brought from QRëC, Malaysia.
Preparation of CTS film
CTS powder of 2.000 ± 0.0004 g was added to 100 mL of 2% acetic acid aqueous solution (98 mL water + 2 mL acetic acid) and stirred for 30 min using mechanical stirrer with stirring speed of 500 rpm. A glass Petri-dish was covered with polyethylene plastic to overcome the adhesion of CTS film with the Petri-dish, CTS gel was poured into the Petri-dish and dried in oven at 60°C for 48 h.
Loading of naphthols into CTS film
Saturated solutions of 1-or 2-naphthol were prepared in 2% acetic acid aqueous medium. 1-and 2-naphthol, respectively, of 163.2 and 140.4 mg were added to 100 mL volumetric flask separately. Next, 2 mL of acetic acid was added, and diluted up to 100 mL with distilled water. The solutions were stirred using magnetic stirrer for 6 h, at ambient temperature of 27 ± 1°C. Furthermore, 90 or 50% solutions were prepared by dilution of 90 or 50 mL of saturated solution up to 100 mL with 2% acetic acid aqueous solution, respectively. CTS powder of 2.000 ± 0.0004 g was added to 100 mL of either 90 or 50% of 1-or 2-naphthol and stirred for 30 min using mechanical stirrer and the resulting CTS gel was poured into a polyethylene layered Petri-dish and dried in oven at 60°C for 48 h.
Characterizations
Thermal stability of the CTS powder and film was studied using Perkin-Elmer TGA-7 Thermogravimetric Analyser. TGA was performed in the temperature range of 30 to 900°C with heating rate of 10°C min −1 under nitrogen atmosphere.
FT-IR spectra of CTS and 1-naphthol loaded CTS film were obtained using PerkinElmer Spotlight-200 instrument with Attenuated Total Reflection (ATR) technique. The spectrum background was collected before each sample and the scanning range was adjusted from 650 to 4,000 cm −1
. Scanning resolution and number of scans were adjusted 4 cm −1 and 16, respectively.
Morphological investigations of the CTS film were carried out using Leo Supra 50Vp Field Emission Scanning Electron Microscope (FESEM). The samples were dried in oven at 60°C for 24 h, coated onto gold film and observed in the microscope at different magnifications under reduce pressure using pre-pump; Edwards XDS-10 Oil-Free Dry Scroll Vacuum Pump.
Swelling experiment
The CTS film of 0.2000 ± 0.0008 g was immersed in a screw caped glass bottles containing 50 mL of the media and bottles were incubated at ambient condition. After a predetermined time intervals, the samples were removed, rubbed gently with soft tissue paper and weighed immediately. The study was carried out in triplicate and swelling indices were determined using the following equation (Zaidi, 2005): where W i is the weight of dry CTS film while W f is the weight of CTS film at time t.
Preparation of calibration curves
Stock solution of 500 μg mL −1 of 1-or 2-naphthol was prepared by dissolving 500 mg of 1-or 2-naphthol in distilled water using a 1,000 mL volumetric flask. A series of working solutions of 1, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 μg mL −1 were prepared from stock solution at different pH (2.59, 6.84 and 11.02) by dilution technique. As such, the pH was adjusted using either 0.1 M solution of CH 3 COOH or NaOH while pH was measured by Eutech Meter (pH 700, USA). The working solutions were analysed by UV-vis Spectrophotometry and the possible calibrations were obtained by plotting absorbance vs. wavelength.
Release study of 1-and 2-naphthol
The naphthol loaded CTS film of 0.2000 ± 0.0009 g was kept in 50 mL of distilled water (pH 6.84), solution of pH 2.59 or pH 11.02. The released amount was determined after predetermined time intervals using UV-vis Spectroscopy. Distilled water, a solution of pH 2.59 and pH 11.02 were used as blanks during the sample analysis. The concentration was determined until the equilibrium was achieved.
Swelling index
= ⎡ ⎢ ⎢ ⎢ ⎣ � W f − W i � W i ⎤ ⎥ ⎥ ⎥ ⎦ × 100
Results and discussion
FT-IR analysis of CTS film
The FT-IR spectra of CTS film, 1-naphthol and 2-naphthol loaded CTS film are shown in Figure 1 . The FT-IR spectra of CTS and naphthol loaded CTS film indicated a strong and broad absorption band centred at about 3,423 cm −1 corresponds to a combination of N-H and O-H stretchings. The band at 
TGA analysis
The TGA thermograms of CTS and naphthol loaded CTS film indicate two-step degradation, as shown in Figure 2 . The first step slow degradation of a weight loss of 18% in the temperature region of 40-212°C might be due to volatile compounds and bound water. The second step, rapid decomposition of 58.1% in the temperature region of 238-379°C indicates thermal cleavage and chain scission of C-C and C-O bonds (Peniche-Covas, Argüelles-Monal, & San Román, 1993 ). The DTG thermogram shows two main decomposition peaks in the range of 89.10-124.15 and 146.60-308.29°C. The main decomposition temperatures were observed 115 and 305°C for first and second peak, respectively. The char residue of 33% was observed at 900°C. As such, CTS film follows thermal decomposition behaviour of CTS, indicates that there is no chemical change in the structural backbone of CTS after making its acidified film.
Morphology
The CTS film before and after the release tests are shown in Figure 3 . CTS film was collected after the release experiment and dried in oven at 60°C for 24 h. Morphology of the CTS film was observed under SEM at different magnifications. The CTS film before the release experiments shows smooth surface having no pores and roughness. As such at lower magnification (50x), figures (a), (b), (c) and (d) indicate no clear effect of pH on the morphology of CTS film however, at higher magnification (50,000×), figures (a′), (b′), (c′) and (d′) indicate that the CTS film collected from lower pH (pH 2.59) indicates homogeneous distribution of micro-holes, might be created by acid dissolution. As such, CTS films collected from pH 6.84 to 11.02 having continuously smooth surface without any perforation which shows that CTS film is quite stable in neutral and basic medium.
Water uptake study
The swelling of polymer involves the absorption of a liquid resulting in an increase in weight and volume. The hydration of polymers and saturation of capillaries within the polymeric materials play an important role in the uptake of liquids. The liquid enters into the capillaries braking the hydrogen bonding resulting in swelling of the polymers. The swelling of a polymer can be determined using weight gained by the polymer after putting in a liquid medium.
The results of water uptake by CTS film at different pH conditions (pH 2.59, 6.84 and 11.02) are shown in Figure 4 . The results indicate that the swelling of CTS film is much faster and on average the swelling index of CTS film in acidic medium is 3.69 and 1.18 times higher than basic and neutral medium at 2nd hour. Whereas, at levelling off point (equilibrium state), the swelling index of CTS film is 1.26 and 1.25 times basic and neutral medium. The results clearly show that the swelling of CTS film is higher in acidic medium followed by neutral and basic medium. This behaviour of the CTS film might be due to ability of CTS to protonate in acidic medium and tends to dissolve. As, we can see after 72nd hour the swelling of CTS film in acidic medium decreases, this might be its dissolution, as supported by the SEM images.
Preparation of calibration curves
1-naphthol indicated local maxima (λ L.max ) at 321.5, 321.5 and 332.5 nm in distilled water, acidic and basic medium, respectively. Similarly, 2-naphthol exhibits λ L.max at 274, 274 and 281.5 nm, respectively, in distilled water, acidic and basic medium. The UV-Vis spectra of 1-and 2-naphthol in distilled water, acidic and basic media are shown in Figure 5 . The calibration curves of 1-and 2-naphthol are displayed in Figure 6 (a) and (b), respectively. It can be seen from the calibration curves that 1-and 2-naphthol can be measured with high accuracy from 1 to 40 μg mL −1 in distilled water while 1-naphthol can be measured from 1 to 60 μg mL −1 in both acidic and basic media. As such, 2-naphthol can be measured from 1 to 100 μg mL −1 and 1 to 70 μg mL −1
, respectively, in acidic and basic medium.
The absorbance of 1-and 2-naphthol is greatly influenced by pH of the solvent, as there are various interactions between solute and solvent. Although, both 1-and 2-naphthol can form hydrogen bonding with water and among yourself as well. However, in acidic medium the hydrogen bonding is affected destructively due to protonation of hydroxyl group of the naphthol and water molecules. As such, in case of basic medium using NaOH, naphthols have acidic properties and react with alkalis to form sodium salt (Practical-Lesson, 2013) , as shown in Figure 7. 3.6. Slow-release study CTS film was used as slow-release matrix for 1-and 2-naphthol under different pH conditions. The release behaviour of 1-naphthol from initial loading of 50 and 90% is shown in Figure 8 (a) and (b), respectively. The results clearly show, the absolute release amount increases with initial loading and also with time up to 72 and 48 h, respectively, with initial loading of 50 and 90%. The absolute release amount in acidic medium was found higher than neutral followed by basic medium. The absolute amount released at equilibrium in distilled water, acidic and basic media from 50% initial loading was found 87.27, 90.00 and 54.95 mg L , respectively, in distilled water, acidic and basic medium.
The absolute release amount of 2-naphthol with initial loading of 50 and 90% is shown in Figure  9 (a) and (b), respectively. The results indicate that the release amount increases with time and maximum amount was released after 48 h. On average, the release of both 1-and 2-naphthol is higher in low pH; pH of 2.59 followed by 6.84 and 11.02. The absolute amount released at equilibrium in water, acidic and basic media from 50% initial loading was found 40.01, 45.00 and 33.96 mg L 
Release mechanism
CTS film swells and hydration take place. Once the film hydrated, diffusion of water molecules helps to break down hydrogen bonding between naphthol and the active sites of CTS (-NH 2 ). In the next step, the impregnated naphthols diffusing out with water molecules without any barrier force. In case of this study, SEM images of CTS film indicate that at lower pH, CTS dissolves leading to a clear perforation, and thus the release amount is higher at pH 2.59. As such, at high pH the CTS film shrinks and holds the naphthols tightly resulting in lower amount to be released which was confirmed by the SEM (a smooth surface without any perforation). A theoretical model is presented to show the possible diffusion way of naphthols from CTS film (Figure 10 ). 
Conclusion
CTS film was prepared and characterized by means of various techniques. The swelling index of the CTS film was carried out in different pH conditions. The results indicated that the swelling is higher in lower pH, this might be due to protonation of the amino group of the CTS film resulting in dissolution of the CTS monomers. The order of swelling indices was found; acidic medium > neutral medium > basic medium. Similarly, slow-release studies of the CTS film were performed under different pH conditions to know the effect of pH on the release behaviour of CTS film. On average, the release of naphthols was found higher in acidic medium followed by neutral and basic media. Overall, the release behaviour is quite controlled, consistent and prolonged over a period of 12 h. In conclusion, CTS film is a good biodegradable and eco-friendly polymer therefore, CTS encapsulated with other hydrophobic natural polymers is strongly recommended for slow-release applications. In this context, our research group is working to encapsulate and/or disperse CTS within a hydrophobic polymer in order to prolong the release of active chemicals.
